Making a distinction between facial palsy due to Lyme neuroborreliosis (LNB) and idiopathic facial palsy (IFP) is of importance to ensure timely and adequate treatment. The study objective was to assess incidence and patient characteristics of facial palsy due to LNB. Hospital records were reviewed of adult patients with facial palsy visiting the departments of neurology and/or otorhinolaryngology of Gelre hospitals between June 2007 and December 2017. Gelre hospitals are located in an area endemic for Lyme borreliosis. Patients with LNB had pleocytosis and intrathecal antibody production or pleocytosis with positive IgG serology. Patients with IFP had negative serology. Clinical characteristics were compared between patients with LNB and patients with IFP. Five hundred and fifty-nine patients presented with facial palsy, 4.7% (26) had LNB and 39.4% (220) IFP. The incidence of facial palsy due to LNB was 0.9/100 000 inhabitants/year. Over 70% of patients with facial palsy due to LNB did not report a recent tick bite and/or erythema migrans (EM). Patients with facial palsy due to LNB presented more often in July to September (69.2% vs. 21.9%, P < 0.001), and had more often headache (42.3% vs. 15.5%, P < 0.01). To reduce the risk of underdiagnosing LNB in an endemic area, we recommend testing for LNB in patients with facial palsy in summer months especially when presenting with headache, irrespective of a recent tick bite and/or EM.
Introduction
Lyme borreliosis (LB) is caused by Borrelia (B.) burgdorferi sensu lato. It is a tick-borne disease that is transmitted by ticks of the genus Ixodes. In Europe, the spirochetes B. afzelii, B. garinii, B. burgdorferi sensu stricto, B. spielmanii and B. bavariensis are the most important species to cause LB [1] . In North America only B. burgdorferi sensu stricto is known to cause LB. The difference in Borrelia species between Europe and North America results in different clinical manifestations of LB. Borrelial lymphocytoma and acrodermatitis chronica atrophicans are common in Europe, but very rarely occur in North America [2] . In addition, Lyme arthritis more often occurs in North America, while Lyme neuroborreliosis (LNB) is more common in Europe [2] . Both in Europe and North America, the most common manifestation of LB is the skin lesion known as an erythema migrans (EM).
LNB is an acute disease which develops within weeks after a bite of an infected tick [2] . Manifestations of LNB are meningo-radiculitis, meningitis and peripheral facial palsy [1] . Other causes of peripheral facial palsy are autoimmune diseases, trauma, tumours, metabolic diseases and a variety of infectious diseases, including herpes simplex infection and varicella zoster infection [3] . However, up to 80% of adult patients present with idiopathic facial palsy (IFP) [3, 4] . IFP is a diagnosis reached by a process of exclusion of other reasonable diagnoses [5] .
In the Netherlands, patients with facial palsy generally first contact their general practitioner, who can refer to either a neurologist and/or an otorhinolaryngologist. The Dutch guideline on LB recommends serologic testing for LB if patients present with bilateral facial palsy or unilateral facial palsy with other signs of possible LB, such as a recent EM and/or a tick bite [6] . Serology should consist of two-tier testing in which a positive or indeterminate immunoglobulin M (IgM) and immunoglobulin G (IgG) enzyme-linked immunosorbent assay (ELISA) is confirmed with an immunoblot. When serology for LB is positive or when serology is negative with a strong clinical suspicion for LNB, a lumbar puncture for testing for pleocytosis and intrathecal antibody production is warranted. When serology is negative without a strong clinical suspicion for LNB, serological testing should be repeated 2-4 weeks later when symptom duration is <8 weeks. Facial palsy can be considered to be caused by LNB if there is no other obvious reason, pleocytosis and intrathecal IgM and/or IgG Borrelia-specific antibody production, or if there is pleocytosis without intrathecal antibody production, but with positive IgG serology [7] .
The guidelines recommend that patients with facial palsy due to LNB are treated with a third-generation cephalosporin antibiotic ceftriaxone, whereas treatment for IFP includes prednisone [5, 6] . Treatment of LNB with both prednisone and antibiotics has been associated with worse long-term facial function outcome compared to treatment with solely antibiotics [8] . Therefore, in order to treat a patient adequately it is necessary to timely diagnose the cause of the facial palsy. Timely initiation of treatment for LNB has been associated with fewer residual symptoms [9] . However, this is hampered as the sensitivity of tests for Borrelia antibodies in serum and cerebrospinal fluid (CSF) is limited in the early phase of LNB [10, 11] .
Certain patient characteristics might facilitate timely diagnosis of facial palsy due to LNB. Few previous studies have assessed differences in accompanying symptoms of LNB patients and patients with IFP. These studies reported that onset in summer season, enlarged cervical lymph nodes, arthralgia and neurological symptoms were more common in patients with LNB [12, 13] . More studies on this are needed as these studies included small number of patients with facial palsy due to LNB. Moreover, no studies on the incidence and patient characteristics of patients with facial palsy due to LNB have been performed in the Netherlands. The study objective was to assess incidence of facial palsy due to LNB and patient characteristics to discriminate between patients with facial palsy due to LNB and IFP in clinical practice.
Methods

Study population
The study population consisted of adult patients with facial palsy visiting the departments of neurology and/or otorhinolaryngology of Gelre hospitals in Apeldoorn and Zutphen in the Netherlands between June 2007 and December 2017. Gelre hospitals are located in an endemic area for LB [14] . Based on five diagnosis treatment combination codes (i.e. for the department of otorhinolaryngology: abnormalities of the nervus facialis, and for the department of neurology: N. VII, specific neuro-infections, eye movement disorders (N. III/IV/VI) and other brain nerves) a list of possible patients with facial palsy was obtained. Patients were excluded when there was no evident facial palsy or when the medical consultation concerned a follow-up visit of a previous facial palsy outside the study period.
Data collection
Hospital records were reviewed for the following data: date of first medical consultation for evaluation of the facial palsy, diagnosis, bilateral or unilateral (left or right-sided) facial palsy, recent tick bite and/or EM, symptoms (i.e. headache, watery eye, eye closure problems, earache and taste dysfunction), treatment, number of follow-up visits and recovery. Complete recovery was defined as a House-Brackmann (HB) score of I or when complete recovery of the facial palsy was recorded in the hospital record. The HB score at first medical consultation and last follow-up was recorded. HB scores are widely used to characterise the degree of facial palsy and range from grade I representing normal facial function to grade VI representing complete paralysis [5] . In addition, laboratory data were collected including results of serological tests, leucocyte cell count in CSF and intrathecal Borrelia antibody production. When data on symptoms, a tick bite or EM were missing in the hospital record, these variables were considered not present. Patients for which data on recovery were missing were excluded from those analyses. Data were systematically recorded using Microsoft Access. After data entry, 30% of the records were double checked.
Guideline compliance
Descriptive analyses were conducted to assess how often LB is addressed in anamnesis when patients present with facial palsy, how often Borrelia serology was tested and when negative retested, and how often a lumbar puncture was performed. LB anamnesis was positive when patients reported a recent tick bite and/or EM, or activities with possible tick exposure, such as, e.g. hiking in the forest. Anamnesis was negative when patients reported this was not the case, or LB in anamnesis was not recorded.
Patient classification
Patients were classified as having facial palsy due to LNB or IFP. LNB was defined as having a facial palsy without other detected cause, pleocytosis and intrathecal IgM and/or IgG Borreliaspecific antibody production. In case of pleocytosis and no intrathecal antibody production, Borrelia IgG serology had to be positive for classification as LNB [7] . IFP was defined as a facial palsy without a known cause in combination with negative IgM and IgG Borrelia serology. If hospital records stated the facial palsy as idiopathic or Bell's palsy, or no other cause was recorded, the researchers concluded that the facial palsy was idiopathic.
Laboratory data
Serological tests for B. burgdorferi consisted of an IgM and IgG ELISA, followed by an immunoblot. In case only an ELISA was performed and no immunoblot, the ELISA result was leading. If both an ELISA and immunoblot were performed, the immunoblot result was leading [6] . An indeterminate ELISA without an immunoblot was considered negative, as well as an indeterminate immunoblot. The ELISAs used were the Enzygnost Lyme Link VlsE/IgG and the Enzygnost Borreliosis IgM by DADE Behring, Marburg, Germany [15] . The immunoblot used was the recomLine Borrelia IgG and IgM immunoblot of Mikrogen, Neuried, Germany [16] . Pleocytosis was defined as leucocyte cell count in CSF >5 per μl or >15 per 3 µl [17] . Intrathecal Borrelia antibody production was detected by analysing a serum and CSF pair with the IDEIA Lyme neuroborreliosis OXOID, Hampshire, UK [18] . Diagnostic tests were performed as indicated by the manufacturers.
Statistics
Overall incidence of facial palsy and the incidence of facial palsy due to LNB was calculated per 100 000 inhabitants per year with 95% confidence interval (CI). To calculate the incidence, the service area of Gelre hospitals in Apeldoorn and Zutphen was used, which included approximately 280 000 inhabitants per year during the study period. Seasonal variation was assessed with the percentage of patients per month. Patients with a facial palsy due to another cause than LNB were described and excluded from further analyses. Excluded from further analyses were also patients that had IFP in which Borrelia serology was not tested, as there was nothing known about these patients in relation to potential LB. Patients with positive Borrelia serology that did not have pleocytosis and intrathecal IgM and/or IgG Borrelia-specific antibody production were also excluded, as these patients did not have LNB, but possibly other (previous) manifestations of LB.
Overall frequencies and frequencies specific for patients with LNB and IFP were calculated and compared using the χ 2 and Fisher's exact tests. Medians were compared with the MannWhitney U test. P-values <0.05 were considered significant. Statistical analyses were performed using SPSS version 25 (SPSS Inc, Chicago, Illinois, USA).
As data were collected as part of usual care, the study falls outside the scope of the Dutch Medical Research Involving Human Subjects Act and no informed consent was required. This was confirmed by the Medical Ethics Committee of Isala hospital Zwolle.
Results
In total, 3507 records were reviewed. Five hundred and fifty-nine patients presented with facial palsy with a median age of 53 years (range 18-89) and 52.6% (294) were male. The overall incidence of facial palsy was 19.0 (95% CI 17.5-20.6) per 100 000 inhabitants per year.
Of 559 patients with facial palsy, 4.7% (26) were recorded with LNB, 39.4% (220) with IFP and negative Borrelia serology, 30.4% (170) with IFP and no Borrelia serology tested, and 7.7% (43) did not have LNB but positive Borrelia serology (i.e. 16 IgM ELISA, seven IgG ELISA, two both IgM and IgG ELISA, seven IgM immunoblot, eight IgG immunoblot, three both IgM and IgG immunoblot). In addition, 17.9% (100) of patients were recorded with a facial palsy due to another cause than LB of which 67.0% (67) concerned other infectious diseases, 11.0% (11) tumours, 10.0% (10) traumas, 6.0% (six) auto-immune disorders and 6.0% (six) other causes.
There were 459 patients with an unknown cause of the facial palsy. Figure 1 shows the number of these patients with LB addressed in anamnesis, serology tested and lumbar punctures performed. In 38.5% (10) of 26 LNB patients, the anamnesis was negative for LB or nothing was recorded concerning LB in anamnesis. There were eight patients with LNB and negative serology, of which one patient also had a negative anamnesis. A lumbar puncture was performed in 57 patients of which 25 had a negative anamnesis or nothing was recorded concerning LB in anamnesis. Of 205 patients with negative serology and no lumbar puncture to test for LNB, 15.1% (31) patients were retested several weeks later (median 6 weeks, range 0-34 weeks). Of 31 patients, one patient seroconverted from a negative to positive IgG immunoblot. After seroconversion, a lumbar puncture was performed and LNB was confirmed.
Of 26 patients with LNB, 23 had pleocytosis and intrathecal Borrelia-specific antibody production and three had pleocytosis with positive IgG serology. The median number of leucocytes in CSF was 602 (range . Intrathecal Borrelia-specific antibody production of both IgM and IgG was found in 53.8% (14) of the patients (Table 1 ). The incidence of facial palsy due to LNB was 0.9 (95% CI 0.6-1.3) per 100 000 inhabitants per year. 
Epidemiology and Infection
Four of 26 patients with facial palsy due to LNB also reported radiculopathy.
Patients with LNB presented from June until January with a peak in July, August and September (Fig. 2) . Patients with IFP presented throughout the whole year ranging from 5% to 11% per month. In summer (July, August, September), 69.2% (18/ 26) of the patients with LNB presented vs. 21.9% (47/215) of patients with IFP (P < 0.001). Patient characteristics that occurred more frequently among patients with LNB than among patients with IFP were bilateral facial palsy (19.2% vs. 2.7%, respectively; P < 0.01), a recent tick bite and/or EM (26.9% vs. 4.1%, respectively; P < 0.001) and headache (42.3% vs. 15.5%, respectively; P < 0.01) ( Table 2) . Of seven patients with LNB, five had a recent tick bite, one a recent EM and one patient reported both a recent tick bite and recent EM.
Concerning treatment, among 220 patients with IFP, 72.7% (160) received prednisone. Among 26 patients with LNB, 50.0% (13) received prednisone. All 26 patients with LNB received ceftriaxone (one patient received doxycycline followed by ceftriaxon). For these 26 patients, the median number of days between first hospital contact and start of antibiotic treatment was 1 (range 0-257). Among patients with IFP, three patients were treated with ceftriaxone, three with doxycycline and one with amoxicillin. The number of days between first hospital contact and last follow-up visit was significantly longer for patients with facial palsy due to LNB compared to patients with IFP (Table 2) . Regarding recovery, there was no significant difference in the number of follow-up visits, HB score or proportion of patients with recovery when comparing patients with facial palsy due to LNB and patients with IFP (Table 2) .
Discussion
This study found that the incidence of facial palsy due to LNB was low in an area endemic for LB in the Netherlands. Of patients referred to a hospital with facial palsy 5% had LNB. That over 70% of patients with facial palsy due to LNB did not report a recent tick bite and/or EM shows patients might benefit from serologic testing and a lumbar puncture to rule out LNB irrespective of whether they had a recent tick bite and/or EM. Patient characteristics associated with LNB were presentation in summer months and headache. To reduce the risk of underdiagnosing LNB in an endemic area, we recommend testing for LNB in patients with facial palsy in summer especially when presenting with headache, irrespective of a recent tick bite and/or EM.
Five per cent of patients with facial palsy had LNB, which is in line with previous studies in which 2 to 16% of patients with facial palsy had LNB [12, [19] [20] [21] [22] . In studies including only children, this prevalence ranged from 34 to 65% [17, [23] [24] [25] . The incidence of facial palsy due to LNB was 0.9 patients per 100 000 inhabitants per year. In 2010, the incidence of LNB in the Netherlands was 2.6 (95% CI 2.4-2.8) per 100 000 inhabitants [26] . The incidence of LNB in our study was lower as facial palsy is only one of several manifestations of LNB. A Dutch study in 2001 reported that 40% (8/20) of LNB patients had facial palsy [27] . This percentage is comparable to results from a Danish study in which 38.7% of adult patients with LNB had facial palsy [9] .
The number of patients with LNB in this study may be an underestimation. Possibly patients with facial palsy presented at other departments than neurology or otorhinolaryngology and are therefore not included in this study. Sensitivity of serological tests in early LB is limited and false-negative serology results occur [10, 11] . Therefore, guidelines state that patients suspected of LB with negative Borrelia serology should be retested two to four weeks later when duration of symptoms is less than eight weeks [6] . This study demonstrated that the number of patients retested is low. Only 31 patients with negative serology and no lumbar puncture were retested and in one patient LNB was diagnosed following seroconversion. There is a need to raise awareness among neurologists and otorhinolaryngologists to retest in order to minimise underdiagnosing LB. In this study, there were eight patients with negative serology who had LNB with pleocytosis and intrathecal antibody production in CSF. This demonstrates the need to lower the threshold for lumbar punctures to rule out LNB. As the number of lumbar punctures was low in this study, LNB patients may be missed. Timeliness of diagnosis can be improved by performing lumbar punctures instead of retesting several weeks later. This study showed a seasonal distribution of patients with facial palsy due to LNB with a peak in July, August and September. This has been reported in previous studies [20, 28] . In summer months, both tick activity and exposition to ticks increase due to the warmer weather. Other characteristics associated with LNB, like bilateral facial palsy, or a tick bite and/or EM, have been reported before and are addressed in guidelines [5, 6] . It is noteworthy that over 70% of patients with LNB did not have an EM and/or tick bite. Therefore, the absence of an EM or tick bite does not exclude LNB [13] .
A Finnish prospective study among 503 patients with facial palsy of which 11 had LNB also found an association between headache and LNB [12] . In this Finnish study, both adults and children were included. To our knowledge, our study is one of the first studies to find an association between LNB and headache specifically in adults.
In this study, there was no difference in recovery between patients with facial palsy due to LNB or IFP. Recovery was based on the facial nerve function assessed by a medical specialist and did not take into account non-specific long-term symptoms.
Comparison with previous studies is hampered due to different definitions of recovery and study populations. A study including both children and adults assessed recovery with a questionnaire and reported slightly better outcome in patients with LNB than in patients with IFP [12] .
A limitation of our study is that data were collected retrospectively and we relied on the information recorded in the electronic medical records. Other symptoms possibly associated with LNB, like e.g. radiculopathy, were described too seldom to be able to draw conclusions on. Moreover, the retrospective design allows for misinterpretation of data, which was minimised by doublechecking 30% of the electronic medical files. Another limitation EM, erythema migrans; HB score, House-Brackmann score. a For four patients, the duration between start of facial palsy and first hospital contact was more than 6 weeks.
is that calculation of the incidence was based on the service area of the hospital, which is an estimation of how many inhabitants use the hospital. Fifteen of 559 patients with facial palsy did not live in the service area and 31 patients lived directly surrounding the service area. Inhabitants of the service area might also visit other hospitals. Strengths of our study are the long study period of 10.5 years, which minimised bias due to yearly variations. In addition, the comparison group consisted of patients with IFP in which Borrelia serology was negative, to minimise misclassification. Another strength of our study was that it focused only on adults, as the proportion of facial palsy due to LNB differs between children and adults [9] , and most studies on LNB included both adults and children, or solely children.
In conclusion, this study assessed differences between patients with facial palsy due to LNB and IFP. Over 70% of patients with facial palsy due to LNB did not report a recent tick bite and/or EM. Patients might benefit from serologic testing and a lumbar puncture to rule out LNB irrespective of whether they had a recent tick bite or EM. Patient characteristics associated with LNB were presentation in summer months and headache. To reduce the risk of underdiagnosing LNB in an endemic area, we recommend testing for LNB in patients with facial palsy in summer especially when presenting with headache, irrespective of a recent tick bite and/or EM. Moreover, there is a need to raise awareness among medical specialists Borrelia serology should be retested several weeks later when serology is negative and no lumbar puncture is performed. Only 15% of 205 patients eligible for retesting were actually retested. Timeliness of diagnosis could be improved by performing lumbar punctures instead of retesting several weeks later, as there were eight patients with LNB, despite negative serology.
